 1  5 
(Ind) ( Table 1) .
The picture was different in the hoverfly treatment with a mix of positive and 1 4 7 negative observed trait changes and eight traits with a predicted direct response in the 1 4 8 same direction, but no selection gradient significantly different from zero. Phenotypic changes were better predicted without covariance only for petal width and petal 1 5 0 length in the bumblebee experiment and flower diameter in the hoverfly experiment 1 5 1 (Table 1) .
In addition to comparing the effects of genetic covariance on individual traits, 1 5 3 we measured the overall constraining effect of genetic co-variation on the response to 1 5 4 1 7 2 alignment with the height axis (Fig. 2c ). The other eigenvalues and eigenvectors are, 1 7 3 however, more constant across lines ( Fig. 2a ). For instance, the second eigenvector 1 7 4 (PC2) is more consistently orthogonal to the height trait axis in the three G-matrices 1 7 5 ( Fig. 2c ). Using the random skewers method, we found strong correlations of the mean 1 7 7 selection response among matrices, larger than 70% for all three comparisons, although not significantly so between G tall and G short , and very strong similarity between G control and G short ( Table 2 ). The three G-matrices thus shared a significant 1 8 0 portion of their structure. G control would predict selection responses similar to G short 1 8 1 and to a lesser extent to G tall . Further analysis of the similarity of the size and 1 8 2 orientation of the eigenvectors of the G-matrices in the hierarchical analysis 1 8 3 confirmed the similarity in shape between G control and G short and the dissimilarity of 1 8 4 G tall with G control , and with G short to a smaller degree (see Table 2 ). The G-matrix in 1 8 5 the tall lines thus evolved more than in the short lines mostly because of the change in Randomization tests of G-matrices were conducted to examine whether G-matrix 1 9 0 captured the meaningful biological structures rather than random assembling. The 1 9 1 results revealed that G control was estimated with highest accuracy compared to G tall and 1 9 2 G short . The majority of the genetic covariance elements (101 out of 120) and additive 1 9 3 genetic variances (14 out of 16) in G control were significant at the level of FDR < 0.05, 1 9 4 after correcting for multiple testing (false discovery rate: Benjamini & Hochberg 1 9 5 1995). In G tall , 11 variance and 55 covariance elements were significant, and 15 and 1 9 6 72 elements, respectively, in G short (Table S4 ), at the same FDR level. Total evolutionary responses are made up of direct and indirect responses. We could 1 9 9 predict the evolutionary response of floral traits subject to two types of selection We observed a few discrepancies between our evolutionary predictions and 2 1 6 observed responses that need to be examined. In particular, the responses of the 2 1 7 morphological traits in the artificial selection for tall plants did not show the expected 2 1 8 increase of flower size but instead showed a decrease, despite the positive genetic 2 1 9
correlations of flower size with plant height (see G control in Table S4 ), which remained 2 2 0 positive during selection (see G tall in Table S4 ). It thus cannot be caused by an Noordwijk & de Jong, 1986; Houle, 1992; Agrawal et al., 2010) , which states that a 2 2 7 positive correlation between fitness components can be observed despite an observed positive correlation between traits pertaining to two fitness components, may be less stringent than when selecting for taller plants. In contrast to flower size, we found mismatches of our predictions of the morphological traits, although we cannot test for this hypothesis because we are 2 5 0 missing an estimate of the G-matrix in that 9-generation selection experiment. In contrast to predictions in the bumblebee-pollinated plants, the ones in 2 5 2 hoverfly-pollinated plants were largely not different from zero or incorrect. The ancestral G-matrix allowed us to make correct evolutionary predictions in most cases.
3 0 6
Had we used G tall in the tall selection experiment, we would have badly state of the G-matrix before a change in selection pressures will strongly influence the 3 1 5
resulting evolutionary trajectory of a population, as we have shown. The evolutionary significance of the structure of the G-matrix is still debated, emphasized by Turelli (1988) . Indeed, many processes may affect the evolution of structure between G control and G tall and the respective predictions and inferences we 3 3 4
can make from them. Our study showed that even highly plastic chemical traits such as floral scent, can be 3 3 7
successfully included into predictive models of floral trait evolution. Even more so, The workflow of the main analysis procedures is summarized in Fig. S1 . The line used needs only ca. 35 to 40 days to complete a life cycle and maintains were standardized in amounts per flower per liter sampled air, and log transformed to produce a tall and a short line with the ten tallest and ten shortest plants, respectively. Additionally, ten randomly selected plants were chosen to form a control 60% relative humidity, and regular watering twice a day (at 08:00 and 18:00). The procedures of experimental evolution experiment can be found in detail in 3 8 6
and were manually pollinated among each other. Floral traits were measured prior to selection lines for increased (or decreased) plant height (see Table S3 ). The pedigree 4 1 4 of the seeds sowed in the pollinator experiment was unknown. We thus used G control 4 1 5 from artificial selection experiment for evolutionary predictions in both experiments.
1 6
More specifically, we estimated the G-matrix of the 16 traits by using a multivariate and paternal effects, respectively. We added generation as a block factor modeled as a 4 2 5 fixed effect. This method was previously shown to have good applications with a few generation and re-estimated the G-matrix for each of 500 replicates using the same 4 3 8
MCMCglmm procedure as before. To evaluate the accuracy of the observed G- In the artificial selection experiment, we calculated the selection gradient on height where V P is the phenotypic variation of height and S the selection differential all measured plants in the same generation. In the pollinator selection experiments, we estimated the selection gradients 4 6 0
following the partial correlation approach of Lande and Arnold (1983) . We used To estimate the predicted responses to selection, we used the multivariate breeder's selection experiment (G control , Table S3 , S4) for predictions as the best estimation of To calculate the observed trait changes, we did three step calculations as 4 8 5 follows (Fig. S1 ). 1) We calculated the absolute phenotypic changes between the last experimenters. Therefore, we subtracted the predicted changes due to unknown Finally, we measured the constraining effect of genetic co-variation on the 
